■■PHOTOMETER WITH DRIVE MEANS AND SPECTF.0PH0T0ME7F.': 



ho::kgroijnd of the invention 

Field of the Invention 

One present invention relates to a spectrophotometer and 
spectrophotometry capable of measuring intensity of light 
transmitted through a Ldrget sample and, more particularly, tt 1 
a spectrophotometer prtvided with a precision drive means at 
its light intensity measuring unit fcr precisely moving sat:; 
1 : ::\- intensity measuring unit, thus precisely measuring light 
intensity at any desired points, the present invention also 
relating to 3 spectrophotometry using such a spectrophotometer. 

Oescr it t ion of the Prior Art 

A convent icnal spectrophotometer and a spectrophotometry 
-to: . a conventicnal spectrophotometer will re descriced 



Co Eio. 1 shows the construction of a o: nver: t : cnal 

: go ; . coo - r . As shown in the drawing, the conventional 
^o:j: : ,„c:tocne;er 130 comprises a light source 1C emit t ing a 
1 ; trot ceam havmo a predetermined wavelength range, - and an 
. c * ; ; ; ; fiber 20 guiding the light beam from the light source 

25 IT a taraet samole 30. The spectrophotometer 100 also 




comprises a spectrometer head 4 0 and a signal-processing unco 
90. The spe :trcmeter head 40 receives the light beam 

transmitted thriugh the target sample 30, and diffracts the 
lioht beam into discrete wavelengths to produce zpticai 
5 spectra, and measures light intensities of the optical spectra. 
The signal-processing unit 90 receives spectr ometioc analysis 
data of the target sample 30 from the spectrometer- head AC, v. \ 
recreduces one distritutiui of light intensities of one 

10 In the above spectrophotometer 100, the spectrometer head 

40 comprises a reflective diffraction grating 50, a concave 
mirror 60, and a photodiode array 70. The reflective 

diffraction grating 5 0 is used for diffracting the light beam, 
tranomittea through the target sample 30, int: discrete 

15 wave lengths to produce optical spectra. The concave mirror 6: 
reflects the diffracted light from the diffraction grating 5 0, 
v;hile toe ph:~.odiode array 70 measures the intensity of 
or. oo ce no loom reflect ec by the: concave mirror 60. 

The phc t ;: diode array 70 comprises a plurality of 

20 photC'diodes SI linearly arranged on a longitudinal, mount at 
regular pnysioal intervals M C". The photodi odes 80 are 

devices, each of which is selectively activated t: allow an 
electric current too flow through it m response to incident 
11 one, touo generating an output voltage that is almost 
: • : •• • ■ on toe "intensity of the incident liorht. 



10 



15 



spectra, produced through the diffraction of 
beam by the grating 50 into discrete wavelengths, are 
oy the pnetodiode array 70, thus being measured in 
tensity according t. o the wavelength. After a 

00 of the ] font intensities of the optical spectra, 
node .array 70 outputs spect romec ric analysis data of 

1 sample 10 to the signal-processinc unit 90. o'p-.n 
one oec:rcnetric analysis data of tne target: sample 



one signal-processing unit 00 reproduces the distribution of 
light intensities :o the spectra, and performs photometric 
comparisons of the spectrometric analysis data of the target 
sampie 30 with those- o>f a reference sample so as to identify 
ano measure the components and ocntents of the targe: sample' 

:1a. 1 is a flowchart of a spectrophotometry using one 
c o n v e n 1 1 o n a 1 s p> e c t r c p> hi o- 1 c me t e r . 

As -town :n the ;ir awing, the spe otro photome t ry using the 
oo evert local sp<ectrop'h otomet er 100 comprises five sterns , that 
It transmitting step- S10, a light diffraction step; 



.one reflection step S30 , an intensity measuremen 



intensity distribution reproduction step: S50. 

first step, the so-called light transmiotino s^- : >o 
o beam, emitted fro-m the light source 10, is guioed 
et samcle 3 1 on rou It the optica] f'b^r 10, -oo :s 



samr^e 



:e second step, the so-called light oiffrac- 
light beam transmitted through the samp J 

_r.ro the reflective diffraction grating 5( 
: nead 4C, thus coiro diffracted to produO' 



or 
oc 



:he 



It) 
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20 



the third step, the so-called light reflection s* 
ODtical. soectra :f the diffracted light oeat ; 



^i-<.7(=- mi r~ r y ■ +~ f~} 



to one fourth step, trie so-called intensity measurement 
ep S4C, the photodiode array "o measures the iignr 
.tensities of the incident optical spectra according to 
velength, thus obtaining spectrometric analysis data, such as 
.e characteristics of the spectra according to wavelength. 

At one fifth step, the so -called intensity distribution 



st en 



0, trie spect rcmet r ic analysis iata 



array 



'0 to one s: 
t h e s o e c i r o r 



ism.it too from. the rhc tcdico* 

ressir.c unit 3C . fpon reception 

c/sis oata from the plootodicde array 7C-, the signal- 

iessi:tg unit oO reproduces the light intensity distr ibut ion 
performs spectrometric comparisons of said data with those 
a reference sample, thus identifying and measuring the 

oooents ana contents C'f the target sample 30. The sierra 1- 

t-tcio unit oC is thus able to parotide the character is 1 1 .is 

\ : ci~" aniff ratted into discrete wavelenotns. 



: r. ne :or.ventional spectrophotometer 100, the photcdi toes 
:• • • linearly arranged along a longitudinal mount at regular 
intervals "1" to form a photodiode array 70. However, the 
spectrophotometer 100 is problematic in that it is almost 
> impossible to sense light at the intervals "C" between the 

The intervals VV C" between the photcdiodes 80 also reduce 
the resolving power of the conventional spectrophotometer 10C, 
and so one speco rophc tometer 100 it- net suitable f o r use ..n a 

10 preusion measurement. y 

In the prior art, it has been actively studied to linearly 
arrange an increased number of photcdiodes along the mount of a 
photodiode array to reduce the intervals NX C" in an effort to 
solve the problems caused by said intervals "C" . However, the 

15 linear arrangement of such an increased number of phot: diodes 
undesirably lengthens the signal pro-cessing time, arid so it is 
almost impossible to use a spectrophotometer, having a 
phot o di o de array with such an increased number or photo do cues , 
on a reel time measurement. 

20 Another problem, experienced with such an increased number 

of p-hotociiodes of a photodiode array, resides in that raid 
increase undesirably results in a reduction in the size of each 
photodiode, and so the photcdiodes may be easily saturated with 



/" tin of the invention 

. . • • : ..iinoiy, one present invention has been made keetino 
_n mono the above problems 'Occurring in the prior art, ana an 
object of the present invention is to provide a 
;ce:;;r con : -cometer and speotr o photomet ry , which uses a precision 
: ;• . - -- ;• -•• ; : .c capable of impri'Ving the resolving power ouri.no a 
: ■ e a s a r e m e n t of light intensity. 

Another object of the o resent invention is to prcoo:_oe a 



10 :lr ive means attachea to the phot odiode array, thus precisely 
measuring iigno intensity while moving as desired. 

In order to accomplish the above objects, an embodiment of 
the present invention provides a spectrophotometer, comprising: 
i: . ' source used fc-r emitting a light beam caving a 

15 predetermined wavelength range; a light guiding means for 
guiding the light beam from the light source t: a target 
sample; a spectrometer head consisting of a light diffracting 
means ror diffracting one lignt beam transmitted otroomca t : : a 
• ; : : •• ' s-ocle to produce optical spectra, a light reflect mo 

2() means : :• reflecting the diffracted light from the floret 
giffractirg means, a light intensity measuring means tor 
measuring intensity -of incident light reflected by the light 
reflecting means, a drive means for reciprocating the mte-mmv 
me -so: : n : -earns w 1 1 n i n a predetermined range, and a stop means 

25 limm m .c a reciorocat i nq movement of the mr-r.s:* 



6 



;• - : ; : . - ; and a s igna 1 -pr :ces s ing am:; '..ise 
* : - i 1 s a r 1 b a t 1 a r. of 1 1 o h t ira&nsit.ies ma a a a a a a 
eaaiaa raeasuring means cf the spectrometer head, 
the preferred embodiment of this invention, 
a ta ase a mult, mode optical fiber as the 



liar, it is preferable to use a reflect!' 
ratina as the liqht diffract ina means. 



^oaar, the intensity measuring means preferably 
as a photodiode array, with a plurality of photodiodes 
■ arranged on a longitudinal mount at regular physical 



erased: 



dr: 



rent , the drive means pref erab. 
a unit physically expandable a 
the level of an applied voltage 



co: 



>mp r 
rtra 



^emo 



on sell cans 1st ing of: a pie scenes 
axpanoable or contra at ible m a a car 
applied voltage; an:i a piezoeiect: 
■ get her witn the bimarph pies a 
physically expandable or a; 
.e level if the applied voltage. 



means . 



... c; ^ ^ 



ir r anoeo creaeternir.ed p Dsitions arc una :. . p p 

:.e ::::er;siLy measuring means of the spectrometer he ; a 
.a direction of one intensity measuring means so as to 
reciprccatirg movement of the intensity measuring 

using a piez : ele :tr 1 c drive unit as the drive means, 
o preferable to use a displacement anipiifier attached 
ezoeieotrio drive unit for amplifying a displacement 
occ o-Cct i ic dri'e unit. 

ne otner nand, wnen using a icimorph cell consisting of 
, ectrio anvi elate cemented tccetner with a 
:ric fixing elate as the drive means, the two 
:ric olates are different from each other in their 



2n 



_ents of expansion and coefficients of contraction in 
5 it' an applied w>ltage. 

ctner embodiment of the present invention pr :vides a 
Photometry using a spectrophotometer with drive means, 
via: a light transmitting step of guiding a light ice am 
. : tc source tc a target sample through a real t. i:tc ae 
: :cer sc as ti allow the 11 got oeam t c oc 
* .: torcagn tne sample; a liaht diffraction stc 
uj tne iognt beam, transmitted through the sample, 
ctive diffraction grating, thus diffracting f'".e 

discrete wavelengths to priduce optical spec to 
- r : ! eot : on sceo of reflecting the optical street ra : 



. + d ^ 
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; . . ;oo rearr. cy a concave a.irr or t. o a or. * c. 

.es c: ere incident optical sce:tra by the phecco 

second intensity measurement step cf movmq 
ie array using the drive means by a distance equa! 
. • ,1 interval oetween phctodiodes of the ohotoa 
measuring 1 igrc intensities of the incident cot 
at desired positi-cns corresponding to the mterv 



o per e _1 u ^ v 



step of t r n n .~ i ; ^ 



. c analysis data., 
: steps, 



i rem 



:r tout i; 



:>Dtained at the .first and sec; 
fr:m the photo oil ode array to 
essmq unit, and reproducing a ] ight intense 
n of the target sample by the signal-process: 



15 



CRIPTION OF THE DRAW 1 1 



d . 



anc. other objects, features and c 
i n v e n 1 1 o n will d e mere- clearly 

detailed description taken in z 

o drawings, in wnitn: 
is a (diagram, schematically 
a convent i -on a 1 spectrophotometer; 

s a flowchart of a spectrophot 

■ect r echo t err eter ; 



urcoerst.ee 



s n c w : 
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t ; z . ; i s a diagram , s enema ti :a^y sr.c.;: ng 
o . - i o of a spect ropnoromeLer having a precision d: 

- • . ; . accordance with the preferred embodiment of 
i. ■ : - .-' • • : . * invent: a en; 

5 Fig. 4 is a perspective view, showing the const ructior 

both a precision drive means and a stop means included in 
sr-c:r- nivomecer in accordance with the primary embodiment ,: f 
• ; . • invention; 

no i is a p ; o r cp : o c 1 1 vc viiw, Gh-jw i the ^unS ^ ]. > — ^^-^ , ... _ 
10 octh a precision drive means and a stop means included in the 
• ; ■cooeceter in accordance with the second embodiment of 

- : .• i. v-senc invention; and 

r'ig. t is a flowchart of a spectrophotometry using the 
spectrophotometer of this invention. 

15 

lETAILEC OESCPIE'TIGN OF THE INVENTION 

7n the oescr ipo i or. of the present invention, the term "toe 
st;- ct r oc:c; t omet er " denotes a device that is aseo r c 
C( t o : : f : ~ o 1 1 n o a 1 1 gn t ce am t r a n smi 1 1 ed through a t a r g e t s amp 1 e s o 
o measure one t ransmittance and absc rptance of one sample. 
The spectrophotometer of this invention may be preferably used 
for analysis of residual pesticide, water pollution ". . , 
microbial centammat i on level, blood and protein in addition * - 
25 o . ; o. . o contents and concentrations of taraer. samples. 



10 



;ien, the term "phot odi ode" used in tr 



n: -.-=ere invention denotes a device that ; 
; • • ■ ; o : allow an electric current to flow through c t m 
.so to incident light, and generates an output voltage 
c r exertional to the intensity of the incident light. In 
:eecrcphotomecer cf this invention, the phot odi ode is used 
oasuring intensity of incident light transmitted through a 



10 spectrophotometry using such a spect r ©photometer ac; conditio ~o 
the cresent invention will be described in detail herein below. 

o 3 is a diagram, schematically shewing the 
./instruction of a spectrophotometer 300 having a precision 
orive means in accordance with tne preferred embodiment of the 

15 cresent invention. Fig. 4 is a perspective view, snowing the 
construction of toth a precision drive means and a stop means 
; no luoieoi in the spectrophotometer in accordance with the 
crimarv embodiment cf this invention. Fid. t is a on • v; 
ocrrespo nd i ng to Fi g . 4, but showing the construction of coon a 

2o r reel si .no orive means and a or o:p means in accordance with 

As shown in the drawings, the spectrophotometer 300 
accorcinc to the preferred embodiment of this inooentvon 



^icnt 



iree 11C emitting a iigh 



w a v e 1 e n g t h r a n q e , and a .1 ; g h t g u i a i 1 1 g m e a n s 



1 I 



, . : . : . : - no liar: or. from the - ; trot . - u : ; e - u. 

■ : .-■ 133 . Trie see it rc ph<: torreter 300 also • ::.p : . . ; 
-.met e r read 14C 3rd a signal-p r :ressmg unit .200. Or- 
• • • : :;eaa 140 receives the light beam transmitter, 
r tre tarciet sample 130, ard diffracts the l^ght rer 
:;is:rete wavelengths to produce optical spectra, ar; 
es 3 f ont intensities cf the iptical spectra so as * 
e the srect rc>met ric characteristics of diffracted ligh: 



O CL1 L L t- — ■ + r . 
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s igr a 1 -pr ices s in g ur 1 1 ^ th receives the spect rorr.eo r ... c 
; r. - ; of tre taioei sample 1:0 r r Dir. tre spect r :re:-; r 
or ..; reproduces a distribution of light intensities r 
ra, and provides the characteristics of light 
into discrete v/avel engths . 
one spectrophotometer 300 of this invention, the 
head 140 comprises a light diffracting means, 
mg means, an intensity measuring means, a on -re 
Q t or me a n s in t h e spect r ome t e r n e a d 1 4 3 , t. h e 

hoc means is used fir oif frosting the light, beam 
nrouoh the target sample 133 to produce coim 



.ne 



' r.j :t. in r means, 



measuring means is used for measuring the 
iiont reflected bv tne light reflecting ro 



: o c a o i n c 
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range, wni.e tr.e 
^ i 1 no rriover^ni c i 



:t * te spectrometer head 141, the light diffracting tears 
set ::r diffracting an incident light beam into discrete 
engr.hs tc produce cptical spectra. In trie preset;: 

tier, a reflective ditfract.im grating 15C is used as the 
diffracting means. In addition, a ccncave mirror 160 is 

a s t n e 1 i c h t reflects ng me a n s , w h tie a p ho t od i o de ct::d y 
s used as the intensity measuring means. 

Cn tne other nana, a mult i mode optical fiber 1 1 C is .sea 
; ; gnt curding means for guidrnq a light beam from tne 
s.:.t:ce 110 to the target sample 130. 
Tne photodiode array 170 comprises a plurality of 
diodes 170a linearly arranged on a longitudinal mount at 
ar chysical intervals "C" of several micrometers t c 
al et micrometers. The photodiode array 1^0 senses light 

measures " he 



: n a r a t e r i s 1 1 c s 



tne dif f ractet 



tetrii analysis oata 



.ioht t: 



ve ttis ^t^, is Drttioeo at .. ne pnc 
eg the array 1^0 within a predetermine 
the met : n g range if the thctodiode 
ie stoc means. In suet a case, tne mc 



s oie t e rri i r 



0 u , and so it is impossible for the ar 
ie characteristics of diffracted light 



- a . a 



tee. spect rot. hotome ter 3 0" of the 
designed to ali:>w the photodiode array 

1 1 il ^ i v d 1 s "C". Tl"ij.s object is acccnpj 
drive means 180 provided at the photodiode array 



sense 



5 1 l tr: L_> v 



reeise^y moving 
1 micrometers to 



arrav 



within 



ten micrometers. lie tc 
e photodio:le array 170 can precisely mov 
•; :i; s i ,c"coe of the physical interval "C", and so the array 
15 mere precisely measure the spectrometri: characteristics 
diffracted light at desired points. 

7n the primary embodiment of the present invent! or 
l. . ■ oi ■ 1 o oo r ic drive unit 180a is used as the drive means 1? 
sic vc. : n Oic. 4. The piez oeiect r i c drive unit 18 0a of 
20 - or . is mounted to the lower surface of the pheceo 

vc-cr 0 ~ , ano physically expands or contracts on ae to r d 

i * u irro y t ^ 0 within suon a micro d i s t a n o o . L o : r o e 

vorh;oy one oispiacement of the piezoelectric 1r; — ore 
25 - < ; re d, a discla rement amplifier 180b is -attained *: '• 
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cf the dri TT e unit 180a. 
the piezoelectric drive unit 180a w::r. 

. ~ ' r: , the pho t odiode arr.v 1~C :: ; 



scectroon 



^ r: 



: is possible to improve the resolving power of toe 
urometer 300 of this invention. 

"he se:::nd embodiment of this invention, a bimorph 
sistirrg of a bimorph piezoelectric drive plate 130c 
t wO e t lie i wi.ii ci Lxi'tioipi'i pie^oelecti ±c fixing pj_aie 
used as the drive means 180 for the pnotoaiode array 
own in Fro. .: . The bimorph cell physically expands or 
in actor dance with the level of an applied vol tad--, 
isely ncving the phctonode array 170 within a desired 



15 : r. the bimorph cell according to the second embodiment , 

tne bimorph piezoelectric drive plate 130c and the bimorph 
piezoelectric fixing plate 180d cemented together are different 
: : :• o:. other in their coefficients cf expansion and 
in : 1. .oent s of contraction. Therefore, an applied voltaoe 

2() o souses one of the two piezoelectric plates 18 0c and 18 Co to 
expand in; tne ether to contract si that the sell benos 
: p . : ' .:. to tne applied voltage, thus precisely moving the 



other nand, the st op means is usee 
id movement of the photo diode arra 1 



emc e Oiioeno , two stoppers i. ^ J are arrar.g 
• • : oh : ocsitrons around opposite ends of toe poo;. 

in the moving direction of said array I7C. 
■rs ~ ooos effectively limit the reciprocation m:: 

0 : : . c is a flowchart of a spectrophotometry usi 
ochctometer with the precision drive means of 



n vent ion . 



15 



o:ae, 



Is snown in trie arawmg, one specor jpno uome L i y u; 
uenctometer 300 comprises six steps, that is, 
noting step 5100, a light diffraction step 3200, 
-non seep 3300, a first intensity measurement step 3 
end intensity measurement step S500, and an intensity 
; n. : n reproduction step 300 1. 

Or the first step, the so-called light transmitting step 
a light beam, emitted from the light source 110, is 

i to the target sample 130 through the muitimode optical 
110 having a predetermined length, and is transmitted 

:n one sample 130. When the light beam passes through the 



— - - r 



emamma oa? 



s mo . e 



rctanc 



gnt is absorbed by the sample 
>t the light is transmi:ted or 
5 case, the ratio of tne amou 

.ie the ratio- of or 



aire on 



, tne light beam transmitted through the sample 131 :.s 
: o i o o the reflective diffraction gratina "110 or roe 
■- : o • • : read 111, onus be.mg diffracted or .-■ o • ' • • 

on.-.. • produce optical spectra. 
At roe trora step), the so-called light reflection sreo 
the optical spectra of the diffracted light beam, are 
.. e r e o o v t n e concave ir.irror 1 o 0 to t he p no tooic oe a r r a y 

A : toe fourth step, the so-called first Intensity 
oirement step S400, the ph it odio de array 1 7 0 measures trie 
intensities of the incident optical spectra aoooroiro: r.o 
. • • . o • , thus oc taming spectre metric analysis data, soon as 
spect rometric characteristics of the spectra according to 
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the fifth step, the so-called second iro 
+- Q^pr SIC , the d r i v e me a n s 180 precise! v moo 
a array 1~ 7 C by a dist ance equal to one p: 
vv l" between the pho todio des l 7 0a, and so 

: co rre proroarode array lul to tore cre o^-r; : 

hoc- roe lioervals "C" are spacer oe- oee 
. ". it is impossible for one photod: cues 1 

co r meas::re "rant Intensities at to- ; nt et'"a 



. ; . : ~ h- : irst intensity measurement step 34 CO. 

• . : - : : , the arive means ISO precisely tc.es : .- - 
: ; : . :• o ; y \ " , cy ne distance equal *' .. tne t r.ys : y ; . 

"C" cetween the phctooiodes 170a in orcer tc - . . v.' :. • - 
5 : . y \ ; r c/ 1 ' ' 1* to s-nse light at the positions - • u. : • e; 

* ;.- . : o • ; -.o; h;- vv Z " at the first intensity teasuremert step 
0^... Therefore, the photo :lio :le array 170 almost completely 
senses entire optical spectra, thus more precisely measuring 
- v- Oifonqe - nf e n t i r e i n c i lie n t 1 i gh t and the s p t c t r omc trie 
10 sharaofer istics of said light. The resolving power of the 
sc - ' 0 rv on;: t omete r 300 of this invention is thus improved. 

At tne sixth step, the so-called intensity distribution 
rer r; ou i in step 5100, tne spectr imet ric analysis ow ■ 

15 -co . th . is transmitted from the phctodiode array 170 

tne signal-processing unit 20C. Upon reception of the 

spect romet ric analysis data from the photodxode array 170, tne 
.• ; >o toss : n z unit: 200 reproduces the light intensity 
uist r : bucien and performs spect rtmet ri z comparisons of said 

20 data with tnose of a reference sample, onus precisely 
:>••:•.*:: y v. : and measuring the components, charact er i st i ts an :i 

25 i : ;y. ■ :io anu second intensity measurement: steps 01" " e • 
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■hanged. That is, the second intensity measure: 
oac ce Leif :rmea prior to the first inter; 
rep 3400 without affecting the functioning of 
r ion. In aadiciou, a pie:oelec: r i o ori'/e 
a displacement amplifier 18 Ob or a rimorpr 

roo c ie z oe lect r ic plates 130c an i 1 B C d oerre: 
usee as tne drive means 180 in the prefer 
)f the present invent! in. However, it should 



oe a 



ce 



h 'y' d r O U 1 1 O 1 L l ■ 



~ir :. 



ove-mentioneo piezoelectric devices may be used a 
■,ns 180 without affecting the functioning of 
n vent ion . 

described above, the present invention previa 



o;e:er a no so 



;r nocorr.et] 



"oe spe; 



CO 



j means. Due to the drive means, it is possible 
;t rophotometer to- perform a real time measurement 
tensity at any desired positions, 3nd sc the rcsco. 

the spectrophotometer during a measurement of 1: 
o os improved. in addition, the improvement m 
z c o-;er of the speco r cpho t. omeo er is a cc imp ^ o sr.e o oo 

:. o: oo. oes ; ice oo rcono:: omete r: ana s: - " v "ur\oi*: oe-- 
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:-r •.; le ci precisely measuring light intensity wiir.cj: 

m a preferred embodiment: of the present invert!;::: 

:. ; • uescrioeu for illustrative purposes, tnose ski^Ic-c :n 

5 ^ ne v; ill appreciate that various modifications, acid: 1 1 ens 

u v rations are possible, without departing : r :: cne 
.• \. ■ c. ; spirit of the invention as disclosed in the 
a c company! no claims . 
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